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(54) Optical discs, producing methods and production apparatus of the optical discs 


(57) The present invention provides an optical disc 
provided with a watermark inside, which is visible with 
naked eyes from a reproduction side of the optical disc, 
and the producing method and the production apparatus 
thereof. The optical disc comprises a transparent sub- 
strate having an information signal recorded surface, a . 
reflective layer formed on the information signal record- 
ed surface thereof, an adhesive layer formed on the re- 
flective layer, a mask layer on the adhesive layer and a 


transparent dummy substrate on the mask layer stacked 
in this order. The adhesive layer is made of an adhesive 
of which curing speed is changed according to a con- 
trolled amount of radiation of ultraviolet rays. The wa- 
termark is recorded in the optical disc by irradiating the 
ultraviolet rays on the adhesive through the mask layer 
provided with light shielding members to cause the ad- 
hesive to be cured by controlling a curing speed of the 
adhesive corresponding to existence or nonexistence of 
the light shielding members. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention: 

[0001] The present invention relates to optical discs, 
producing methods and production apparatuses of the 
optical discs, and particularly, relates to plural substrate 
type optical disc composed of at least two substrates 
joined together, wherein information tracks and a water- 
mark can be visually observed simultaneously from a 
reproduction side of the optical disc. 

Description of the Related Art: 



Publication 2-179941 , Japanese Patent Laid-open Pub- 
lication 8-31020, Japanese Patent Laid-open Publica- 
tion 8-55370, and Japanese Patent Laid-open Publica- 
tion 9-63135. 

5 [0011] However, in the methods of the prior arts, the 
watermark is directly formed on the information signal 
recording surface of the optical disc as uneven steps 
(juts and dents) of the mark, picture, letter or the like, 
each having a size capable of being visually observed. 

10 [0012] Accordingly, it is easy to produce a forgery of 
this kind of optical disc by duplicating the information 
signal surface thereof precisely, resulting in a weak 
countermeasure against the forgery. 

IS SUMMARY OF THE INVENTION 



[0002] Presently, the optical disc is widely used be- 
cause of its vast amount of recording capacity and con- 
venience of handling. 

[0003] In an optical disc referred to as a compact disc 
(CD), an information signal is recorded on only one sur- 
face (information signal recording surface) thereof and 
the recorded information is reproduced by irradiating a 
-laser-beam-from-the-other-surface-(signal-reproducing- 
surface) side. 

[0004] Recently, forgeries of optical discs have been 
rampant in the market. Thus, the disc sales industry is 
making a great effort to develop disc forgery prevention 
technics. 

[0005] For the purpose of preventing the disc forgery 
and increasing an amount of recording capacity, there 
has been recently developed a new type optical disc re- 
ferred to as a digital versatile disc (DVD, or referred to 
as digital video disc). However, the countermeasure em- 
ployed therein is not very effective to prevent forgeries 
of the optical disc. 

[0006] Specifically, the countermeasure thereof is as 
follows. 

[0007] Such an optical disc has two substrates joined 
together with an adhesive and one of the substrates has 
an information recording surface on which an informa- 
tion signal is recorded. Upon fabrication, on the infor- 
mation recording surface, there is provided with a mark, 
a picture, letter or the like, each having a size being vis- 
ually observable in the production process thereof. 
[0008] When a forgery of the optical disc appears in 
the circulation market, it is possible to identify the for- 
gery from the genuine one by visually inspecting from 
the reproduction side of the DVD, the watermark formed 
as a mark, a picture or a letter formed in an area of the 
information tracks spirally or coaxially formed. 
[0009] When the watermark is visually identified, the 
DVD is genuine, and when not visible, such a DVD is 
the forgery. Thus, it is possible to prevent forgery by re- 
jecting it from the market. 

[0010] The methods for forming such a watermark are 
disclosed, for instance, in Japanese Patent Laid-open 
Publication 59-177739, Japanese Patent Laid-open 



[001 3] Accordingly, a general object of the present in- 
vention is to provide an optical disc and producing meth- 
od thereof, in which the above disadvantages have been 

20 eliminated. 

[0014] A specific object of the present invention is to 
provide an optica! disc carrying a watermark having a 
forgery prevention effect and the producing method 
thereof-without-providing-any-physically-uneven-steps 

25 on the information disc because the watermark disap- 
pears upon producing the forgery of an optical disc. 
[0015] An another and more specific object of the 
present invention is to provide an optical disc producing 
method for producing an optical disc comprising a trans- 

30 parent substrate having an information signal recorded 
surface, a reflective layer formed on the information sig- 
nal recorded surface thereof, an adhesive layer formed 
on the reflective layer and a dummy transparent sub- 
strate on the adhesive layer stacked in this order, the 

35 method comprising the steps of: forming the reflective 
layer on the information signal recorded surface of the 
transparent substrate; coating an adhesive on the re- 
flective layer to form the adhesive layer, wherein a cur- 
ing speed of the adhesive is changeable according to a 

40 controlled amount of irradiation of electromagnetic radi- 
ation rays; disposing the dummy transparent substrate 
on the transparent substrate sandwiching the reflective 
layer and the adhesive layer; disposing a mask member 
over a top surface of the dummy transparent substrate, 

45 wherein the mask member has a specific masking pat- 
tern for partially shielding the electromagnetic radiation 
rays; and irradiating the electromagnetic radiation rays 
on the adhesive layer through the mask member to 
cause the adhesive to be cured by controlling an amount 

50 of irradiation of the electromagnetic radiation corre- 
sponding to the specific masking pattern, hereby a po- 
sition of the reflective layer is microscopically and par- 
tially displaced corresponding to the specific masking 
pattern from an original position of the reflective layer, 

55 and thus displaced reflective layer visually exhibits a wa- 
termark having the specific masking pattern after the ad- 
hesive is cured. 

[0016] Other and more specific object of the present 
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invention is to provide an optical disc producing method 
for producing an optical disc comprising a transparent 
substrate having an information signal recorded sur- 
face, a reflective layer formed on the information signal 
recorded surface thereof, an adhesive layer formed on 
the reflective layer and a dummy transparent substrate 
on the adhesive layer stacked in this order, the method 
comprising the steps of: forming the reflective layer on 
the information signal recorded surface of the transpar- 
ent substrate; coating an adhesive on the reflective layer 
to form the adhesive layer, wherein a curing speed of 
the adhesive is changeable according to a controlled 
amount of irradiation of electromagnetic radiation rays; 
disposing the dummy transparent substrate on the 
transparent substrate sandwiching the reflective layer 
and the adhesive layer; forming a mask pattern directly 
on a top surface of the dummy transparent substrate, 
wherein the mask pattern has a specific shape for par- 
tially shielding the electromagnetic radiation rays; and 
irradiating the electromagnetic radiation rays on the ad- 
hesive layer through the mask pattern formed on the 
dummy transparent substrate to cause the adhesive to 
be cured by controlling an amount of irradiation of the 
electromagnetic-radiation-rays-corresponding-to-the- 
specific shape, whereby a position of the reflective layer 
is microscopically and partially displaced corresponding 
to the specific shape from an original position of the re- 
flective layer, concealing the mask pattern from the 
dummy transparent substrate; and thus displaced dis- 
placement of the reflective layer visually exhibits a wa- 
termark having the specific shape after the adhesive is 
cured. 

[0017] Other and more specific object of the present 
invention is to provide an optical disc producing method 
for producing an optical disc comprising a transparent 
substrate having an information signal recorded sur- 
face, a reflective layer formed on the information signal 
recorded surface thereof, an adhesive layer formed on 
the reflective layer, a mask layer on the adhesive layer 
and a dummy transparent substrate on the mask layer 
stacked in this order, the method comprising the steps 
of: forming the reflective layer on the information signal 
recorded surface of the transparent substrate; coating 
an adhesive on the reflective surface to form the adhe- 
sive layer, wherein a curing speed of the adhesive is 
changeable according to a controlled amount of irradi- 
ation of electromagnetic radiation rays; disposing the 
dummy transparent substrate on the adhesive layer 
sandwiching the mask layer therebetween, wherein the 
mask layer has a specific pattern for partially shielding 
the electromagnetic radiation rays; and irradiating the 
electromagnetic radiation rays on the adhesive layer 
through the mask layer to cause the adhesive to be 
cured by controlling an amount of irradiation of the elec- 
tromagnetic radiation rays corresponding to the specific 
pattern, whereby a position of the reflective layer is mi- 
croscopically displaced corresponding to the specific 
pattern, and thus displaced reflective layer visually ex- 



hibits a watermark having the specific pattern after the 
adhesive is cured. 

[0016] Other and more specific object of the present 
invention is to provide an optical disc producing method 

5 for producing an optical disc comprising a first substrate 
having an information signal recorded surface, a reflec- 
tive layer formed on the information signal recorded sur- 
face thereof, an adhesive layer formed on the reflective 
layer, mask means having masking members on the ad- 

10 hesive layer and a second substrate on the mask layer 
stacked in this order, the method comprising the steps 
of: forming the reflective layer on the information signal 
recorded surface of the first substrate; coating an adhe- 
sive on the reflective surface to form the adhesive layer, 

15 wherein a curing speed of the adhesive is changeable 
according to a controlled amount of irradiation of elec- 
tromagnetic radiation rays; disposing the second sub- 
strate on the first substrate sandwiching the reflective 
layer and the adhesive layer; disposing mask means 

20 having the mask members on one su rface of the second 
substrate; irradiating the electromagnetic radiation rays 
on the adhesive through the mask means to cause the 
adhesive to be cured by controlling the curing speed of 

theadhesiveresponsive-to-existenceand-nonexistence- 

25 of the mask members, whereby a watermark is recorded 
in the optical disc corresponding to the existence and 
nonexistence of the mask members after the adhesive 
is cured. 

[0019] Other and more specific object of the present 

30 invention is to provide an optical disc production appa- 
ratus for producing an optical disc comprising a first sub- 
strate having an information signal recorded surface, a 
reflective layer formed on the information signal record- 
ed surface thereof, an adhesive layer formed on the re- 

35 fiective layer, a mask layer on the adhesive layer and a 
second substrate on the mask layer stacked in this or- 
der, the adhesive layer made of an adhesive of which 
curing speed is changed according to a controlled 
amount of irradiation of an electromagnetic radiation 

40 rays, the apparatus comprising: an electromagnetic ra- 
diation rays source; mask means provided with mask 
members for partially shielding the electromagnetic ra- 
diation rays emitted from the electromagnetic radiation 
rays source; and disc mounting means for mounting the 

45 optical disc and being irradiated with the electromagnet- 
ic radiation rays through the mask means; wherein a wa- 
termark is recorded in the optical disc by irradiating the 
electromagnetic radiation rays on the adhesive through 
the mask means to cause the adhesive to be cured by 

50 controlling the curing speed of the adhesive correspond- 
ing to an existence and nonexistence of the mask mem- 
bers. 

BRIEF DESCRIPTION OF THE DRAWINGS 

55 

[0020] 

Fig. 1 is a sectional view for explaining a structure 
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of an optica! disc of a first embodiment of the 
present invention; 

Fig. 2 is a sectional view for explaining a structure 
of an optical disc of a second embodiment of the 
present invention; - 5 

Fig. 3 is a sectional view for explaining a structure 
of an optical disc of a third embodiment of the 
, present invention; 
Fig. 4 is a sectional view for explaining a structure 
of an optical disc of a fourth embodiment of the 10 
present invention; 

Fig. 5 is a sectional view for explaining a structure 
of an optical disc of a fifth embodiment of the 
present invention; 

Fig. 6 is a plan view for explaining a watermark 'A is 
B C" viewed from a reproduction side of the optical 
disc; 

Fig. 7 is a plan view for explaining a light shielding 
filter used in a producing method of the present in- 
vention; 20 
Fig. 8 is a graph for explaining transmittance of 
black and blue filters with respect to light wave- 
length; 

Figr9-isB-sectionahview^forexplaining-a-producing 

method of the optical disc of the first embodiment 2s 
in the present invention; 

Fig. 10 is a sectional view for explaining a produc- 
tion method of the optical disc of the second em- 
bodiment in the present invention; 
Fig. 11 is a sectional view for explaining a producing 30 
method of the optical disc of the third embodiment 
in the present invention; 

Fig. 1 2 is a schematic view for explaining an optical 
disc having a watermark produced by using produc- 
ing apparatuses according to the present invention; 35 
Fig. 1 3 is a schematic view of an ultraviolet rays cur- 
ing apparatus of a sixth embodiment of the present 
invention; 

Fig. 14 is an ultraviolet rays curing apparatus of a 
seventh embodiment of the present invention; 40 
Fig. 15 is a schematic plan view for explaining an 
ultraviolet rays curing apparatus of the eighth em- 
bodiment of the present invention; 
Fig. 1 6 is a schematic view of an ultraviolet rays cur- 
ing apparatus of a ninth embodiment of the present 45 
invention; 

Fig. 1 7 is a schematic view of an ultraviolet rays cur- 
ing apparatus of a tenth embodiment of the present 
invention; 

Figs. 18(A) to 18(D) are schematic views for ex- so 
plaining constructions of various kinds of the light 
shielding masks; 

Fig. 1 9 is a graph showing a relation between the 
light transmittance forthe ultraviolet rays and a den- 
sity of the watermark; ss 
Fig. 20 is a schematic view of an ultraviolet rays cur- 
ing apparatus of a eleventh embodiment of the 
present invention; and 



Fig. 21 is a schematic view of an ultraviolet rays cur- 
ing apparatus of a twelfth embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0021] Next, a description is given of an outline of op- 
tical discs and the producing methods of first to fifth em- 
bodiments of the present invention referring to Figs 1 to 
11. 

Fig. 1 is a sectional view for explaining a structure 
of an optical disc of a first embodiment of the 
present invention; 

Fig. 2 is a sectional view for explaining a structure 
of an optical disc of a second embodiment of the 
present invention; 

Fig. 3 is a sectional view for explaining a structure 
of an optical disc of a third embodiment of the 
present invention; 

Fig. 4 is a sectional view for explaining a structure 
of an optical disc of a fourth embodiment of the 

present-invention; 

Fig. 5 is a sectional view for explaining a structure 
of an optical disc of a fifth embodiment of the 
present invention; 

Fig. 6 is a plan view for explaining a watermark "A 
B C° viewed from a reproduction side of the optical 
disc; 

Fig. 7 is a plan view for explaining a light shielding 
filter used in a producing method of the present in- 
vention; 

Fig. 8 is a graph for explaining blue and black color 
spectrum characteristics with respect to the light 
transmittance; 

Fig. 9 is a sectional view for explaining a producing 
method of the optical disc of the first embodiment 
in the present invention; 

Fig. 1 0 is a sectional view for explaining a producing 
method of the optical disc of the second embodi- 
ment in the present invention; and 
Fig. 11 is a sectional view for explaining a producing 
method of the optical disc of the third embodiment 
in the present invention. 

[0022] The plural substrate type optical disc of the 
present invention is comprised of two substrates joined 
together by using an adhesive. 
[0023] According to optical discs A, B, C, D and E 
which respectively correspond to first, second, third, 
fourth and fifth embodiments of present invention as 
shown in Figs. 1 to 5, each of them comprises a trans- 
parent substrate 1 having an information signal record- 
ed surface 1 a on which information signal tracks are spi- 
rally or coaxially formed, a reflective layer 2 formed on 
the information recorded surface 1a, an adhesive layer 
3 on the reflective layer 2 and a dummy transparent sub- 
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st rate 4 having no information signal recorded surface 
facing the adhesive layer 3. In the drawings, each of the 
transparent substrate 1 and the dummy transparent 
substrate 4 has a thickness of 0.6 mm which is repre- 
sented by a reference character x, and a reference char- 
acter L designates a direction of an incident laser beam 
used for reproducing the information signal from the in- 
formation signal recorded surface 1a thereof. 
[0024] Next, the description is given of the basic prin- 
ciple of a watermark of the present invention referring 
to Figs. 1 and 2. 

[0025] In the optical discs A and B, the watermark of 
the present invention is recorded as a distribution of po- 
sitional displacement of the reflective layer 2 by causing 
the reflective layer 2 to be microscopically displaced 
from the original position corresponding to an inner 
stress distribution developed within the adhesive inter- 
posed between the reflective layer 2 and the dummy 
transparent substrate 4. Thus, the watermark is visually 
observed with naked eyes from the reproduction side of 
the optical disc, as the reflected light from the distribu- 
tion of the positional displacement of the reflective layer 
2. 

-[0026] — AccordingryrTt-should-be-noted-that-in-the 
present invention, the watermark is not directly recorded 
on the information signal recorded surface 1a of the 
transparent substrate 1. 

[0027] The above distribution of positional microscop- 
ic displacement of the reflective layer 2 is formed by de- 
veloping a stress distribution with the adhesive layer 3 
corresponding to a desired pattern of watermark, which 
is caused in an adhesive layer forming process. 
[0028] Specifically, referring to Fig. 1 , the stress de- 
veloped in a part 3a in the adhesive layer 3 is different 
from that developed in another part 3b therein, resulting 
in a stress distribution pattern having two dimensional 
varied stresses within the adhesive layer 3. This stress 
distribution may be developed corresponding to, for in- 
stance, a light shielding filter 11 having light shielding 
members 11a shown in Fig. 9. On the other hand, in Fig. 
2, the stress distribution pattern is developed corre- 
sponding to printed parts 5a as the light shielding mem- 
ber provided on the dummy transparent substrate 4. 
[0029] In order to develop the stress distribution in the 
adhesive layer 3, a partial difference of a curing speed 
in the adhesive can be applied. 
[0030] On the other hand, in the optical discs C ~ E 
shown in Figs. 3 to 5, a portion of the reflective layer 2 
contacting with the part 3b of the adhesive layer 3 cor- 
responding to the watermark is microscopically dis- 
placed to the adhesive layer side from the position stick- 
ing to the information signal recorded surface 1a, so that 
the watermark is recorded. Here, a difference of adher- 
ence pressure applied to the adhesive layer 3 is utilized. 
[0031] In the optical discs A, B having such structures, 
when a light incidents on the transparent substrate 1 
from the reproducing side thereof and is reflected by the 
reflective layer 2, there occurs a phase difference be- 



tween a first light reflected from a first portion of the re- 
flective layer 2 contacting with the adhesive portion 3b 
corresponding to the watermark and a second light re- 
flected from a second portion of the reflective layer 2 
s contacting with the adhesive portion 3a which does not 
correspond to the watermark in the reflective layer 2. 
Thereby, it is possible to visually observe the phase dif- 
ference as the watermark. 

[0032] In the above description, the first portion of a 
10 reflective layer 2 contacting with the adhesive portions 
3b corresponds to the watermark, however, the second 
portion of the reflective layer 2 contacting with the ad- 
hesive portions 3a may be made to correspond to the 
watermark. 

is [0033] Next, a description is given of the producing 
method of the optical disc in the present invention. 
[0034] In the dual substrate type optical disc, the op- 
tical disc is obtained by bonding two units of single sub- 
strate (referred to as a 'substrate" hereinafter) together 

20 with an adhesive. 

[0035] As to bonding methods of the substrates, they 
are classified into several ones by methods how to apply 
the adhesive on the surface of the substrates. 
[0036] — As-one-oHhe-basicmethodsrthere-is-one-so- 

25 called 'a hot-melt coating method", wherein vinyl ace- 
tate resin or ethylene vinyl acetate resin having a low 
viscosity being hot-melted in a high temperature is coat- 
ed on the surfaces of the two substrates to be bonded 
by using a coating roller, and the two substrates are 

30 pressed each other for a while after being bonded to- 
gether. 

[0037] Next, in "a spin bonding method", one of the 
two substrates is placed on a spin-table of a spinner, 
and a liquid resin such as ultraviolet rays curing resin is 
35 dropped on the surface of the substrate being rotated. 
Then, the other of the two substrates is placed on the 
coated resin surface thereof. After the ultraviolet rays 
curing resin has been spread between the two facing 
surfaces thereof, the spin-table is rotated in a high 
40 speed so that the resin is spread throughly between the 
surfaces thereof. After that, the ultraviolet rays are irra- 
diated on the resin so as to be cured. 
[0038] Further, in "a sheet bonding method", a dou- 
ble-sided adhesive sheet is used to bond the two sub- 
45 strates, wherein one surface of the double-sided adhe- 
sive sheet is bonded to one of the two substrates and 
the other substrate is stacked on the other surface of 
the double-sided adhesive sheet, and is pressed so as 
to be bonded thereto without developing bubbles be- 
so tween the surfaces of the substrates and the double- 
sided adhesive sheet. 

[0039] In the present invention, in the bonding proc- 
ess for the two substrates, the adhesive is cured so as 
to have a stress distribution corresponding to the water- 
55 mark, for instance, by partially changing the curing 
speed of the ultraviolet rays curing resin corresponding 
to the watermark. 

[0040] Thereby, it is especially effective to prevent 
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such forgery producing methods as the information sig- 
nals are directly duplicated from the original one. In oth- 
er words, this method is more effective compared with 
the conventional forgery prevention method where the 
uneven steps are formed on the information signal re- 
corded surfaceto prevent the forgery thereof, because 
the uneven steps in the prior art can be readily duplicat- 
ed along with the information signal. According to the 
present invention, it is possible to completely prevent 
the forgery of the optical disc using a method of a replica 
from the original one, because it is impossible to pro- 
duce the replica of the watermark having no uneven 



[0041] Next, the producing methods of the optical disc 
in the present invention are explained in detail. 
[0042] First, the description is given of a mechanism 
of forming the watermark in case that the spin coating 
method is employed. 

[0043] In the spin coating method, a state of the stress 
distribution can be produced by changing partially the 
curing speed of electromagnetic radiation rays curing 
resin such as the ultraviolet rays curing resin interposed 
between the surfaces of the two substrates. This is re- 
feetf-by^ontrollirrgrin-adiafo 
beam to be partially changed therebetween. 
[0044] Specifically, as shown in Fig. 9, when the trans- 
parent substrate 1 is bonded to the dummy substrate 4 
by curing, a light shielding filter 11 for appropriately 
shielding the ultraviolet rays is disposed between the 
dummy substrate 4 and an ultraviolet rays irradiation ap- 
paratus 1 0 so as to develop a difference of light intensity 
in the bonded surfaces thereof. 
[0045] Here, as the watermark, a mark, a picture, a 
letter, a symbol and/or a number are/is written on the 
light shielding filter 11 in light shielding ink. Thereby, it 
is possible to produce a curing speed difference be- 
tween parts written in the light shielding ink and parts 
free from the light shielding ink. Thus, there is developed 
a stress distribution to the bonded surfaces of the sub- 
strates 1, 4, resulting in a microscopic displacement of 
the reflective membrane (reflective layer 2) from original 
positions in a vertical direction. 
[0046] As a result, the above phenomenon can be vis- 
ually observed with the naked eyes as the watermark 
when viewed from the reproduction side of the optical 
disc A. 

[0047] Fig. 8 is a graph for explaining blue and black 
color spectrum characteristics with respect to the light 
transmittance. 

[0048] Referring to Fig. 8, as the light shielding filter 
11, there is used a light shielding filter written in light 
shielding ink having a black color spectrum character- 
istic, wherein its transmittance of light having a wave- 
length of not more than 450 nm is about 1 0 % as shown 
in Fig. 8. 

[0049] Thus, it is possible to record the watermark giv- 
ing an individual number (a manufacturing number) in 
the optical disc A for every optical disc A by allowing the 
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light shielding filter 11 to be successively printed with a 
serial number (as the light shielding member 11a) in the 
light shielding ink. 

[0050] Thereby, a production control and an stock 
control of such discs become convenient. 
[0051] The optical disc A shown in Fig. 1 is produced 
by the method mentioned above. 
[0052] Next, a description is given of another produc- 
ing method as follows. 

[0053] Referring to Fig. 1 0, when the transparent sub- 
strate 1 and the dummy transparent substrate 4 having 
no information signal recorded surface are bonded to- 
gether by using the ultraviolet rays curing resin, a mark, 
a picture, a letter, a symbol and/or a number are/is print- 
ed on the top surface (label side) or the bottom (adhe- 
sive layer side) of the dummy transparent substrate 4 in 
a light shielding ink 5. The light shielding ink 5 has a 
spectrum characteristic which is color dependent. Thus, 
the transmittance of the ultraviolet rays is different for 
respective colors. Therefore, from the reason men- 
tioned in the foregoing, it is possible to form the water- 
mark in the optical disc B because the light shielding ink 
5 which appropriately shields ultraviolet rays is provided 
!tweenthe^uftravioretrays-irradiattorrapparatus-t0and- 



the dummy transparent substrate. In this case, the print- 
ed parts 5a exhibiting a pattern of the mark, picture, let- 
ter, symbol and/or number for producing the watermark 
are/is preferably concealed after the ultraviolet rays cur- 
ing resin has been cured. This concealing work can be 
done in a subsequent ordinary label printing process. 
[0054] The optical discs B, C produced according to 
the above method are shown in Figs. 2 and 3, wherein 
the optical disc B shown in Fig. 2 is one that the printed 
parts 5a of the mark, picture, letters, symbols and num- 
bers are not concealed yet. 

[0055] In the above spin bonding method, the water- 
mark is formed by developing a stress distribution in the 
ultraviolet rays curing resin. 

[0056] Next, the description is given of other method, 
i.e., the sheet bonding method (screen print bonding 
method), wherein a stress distribution is developed by 
using the ultraviolet rays curing resin as well as for the 
spin bonding method. 

[0057] Specifically, as shown in Fig. 11, there is pre- 
liminarily provided unevenness4a, 4b on a bottom (fac- 
ing to the adhesive layer) of the dummy transparent sub- 
strate 4 corresponding to the mark, picture, letter, sym- 
bol or number as the watermark. The unevenness 4a, 
4b can produce the watermark by changing the stress 
of the adhesive layer 3. When the dummy substrate 4 
having a flat bottom contacts with the adhesive layer 3, 
a thickness of the adhesive layer 3 stays constant, re- 
sulting in a constant stress in the adhesive layer 3. How- 
ever, when such unevenness 4a, 4b are preliminarily 
provided on the bottom of the dummy substrate 4, it pro- 
duces the stress distribution in the adhesive layer 3, re- 
sulting in that the stress distribution becomes visible as 
the watermark from the reproduction side of the trans- 
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parent substrate 1 through the adhesive layer 3 due to 
the tact that minute displacement of the reflective layer 
2 are developed corresponding to the stress distribution. 
[0058] The optical disc D produced by the method 
mentioned above is shown in Fig. 4. 
[0059] As other method referring to Fig. 5, it is possi- 
ble to employ a sheet where the mark, picture, letter, 
symbol and number are cut out from the sheet or printed 
so as to produce un evenness 6a, 6b as a mask layer 6 
provided between the adhesive layer 3 and the bottom 
of the dummy substrate 4. Thereby, it is possible to ob- 
tain the same effect as that in the case where the une- 
venness 4a, 4b is formed on the bottom of the dummy 
substrate 4. 

[0060] In the above, when the unevennesses 6a, 6b 
are printed, it is preferable to employ a screen printing 
method where the ink layer can be made thick enough 
to produce the evenness 6a, 6b. 
[0061] The optical disc E produced by the method 
mentioned above is shown in Fig. 5. 
[0062] Meanwhile, when the optical discs A to E hav- 
ing the watermark formed by the methods mentioned 
above are reproduced, it is necessary to obtain the 
same reproclretiOTnsh^ 
DVD (Digital Video Disc) having no watermark. 
[0063] Next, as an example of the reproduction char- 
acteristics, a description is given of a confirmation of an 
amount of focus error of an optical head in the optical 
disc reproduction apparatus. 

[0064] Generally, when such a watermark is visually 
observed from the reproduction side of the optical disc, 
a series of pits of the optical information signal recorded 
on the information signal recorded surface 1a is ob- 
served to be distorted because of the microscopic dis- 
placement of the reflective membrane (reflective layer 
2) due to the stress variation developed in the adhesive 
layer 3. 

[0065] Upon the reproduction of the optical disc, this 
distortion causes a reproduction problem of the informa- 
tion signal because of a strain of the reflective layer 2. 
The watermark is desired to be formed at a maximum 
level so as to be observed securely within a limit that the 
information signal is normally reproduced by the optical 
head. 

[0066] When the balance is upset, this unbalance 
causes focus errors of the optical head, resulting in a 
difficulty in reproduction of the information signal. 
[0067] Next, an optical disc producing process ac- 
cording to representative one of the first to fifth embod- 
iments in the present invention is further explained in 
detail. 

[0068] Fast, the transparent substrate 1 having a 
thickness of 0.6 mm and a diameter of 1 20 mm was pre- 
pared. On its information signal recorded surface 1a, 
there were spirally or coaxially formed information signal 
tracks of a series of pits having a track pitch of 0.74 u/n 
and the smallest pit length of 0. 4 um. The transparent 
substrate 1 was made from a polycarbonate resin by us- 



ing an injection molding system. 
[0069] The dummy transparent substrate 4 was 
formed to have the same thickness and diameter as 
those of the transparent substrate 1 . 
s [0070] On the information signal recorded surface 1a 
of the transparent substrate 1 there was formed a re- 
flective layer 2 of aluminum having a thickness of 60 nm 
by a vacuum deposition method. 
[0071] On the spin-table of the spinner, the transpar- 
10 ent substrate 1 formed with the reflective layer 2 was 
placed by causing the reflective layer 2 to face upward. 
The ultraviolet rays curing resin was dropped circularly 
on the reflective layer 2 by an amount of 3 ml. 
[0072] After the ultraviolet rays curing resin was ap- 
is propriately spread on the reflective layer 2, the dummy 
transparent substrate 4 was placed on the transparent 
substrate 1 sandwiching the resin before it cured without 
developing bubbles in the resin. Then, the spinner was 
rotated to obtain a desired thickness of the adhesive lay- 
20 er 3 interposed between the transparent substrate 1 and 
the dummy transparent substrate 4. The substrates 1 
and 4 bonded together were carefully taken out from the 
spinner not to slip off from each other because the resin 



didTTorcure-yet 

25 [0073] Then, the light shielding filter 1 1 was placed on 

the top surface (the label side) of the dummy transparent 

substrate 4. 

[0074] The light shielding filter 11 was formed as fol- 
lows. 

30 [0075] Polyethylene terephthalate resin film (PET 
film) having a thickness of 100 ujti was cut out into a 
round sheet having a diameter of 1 20 mm. As shown in 
Fig. 7, on a surface of the sheet, a mark (as the light 
shielding member) 11a shown with "A B C was written 

35 in black ink and another mark (as light shielding mem- 
ber^ 1 b shown with 'A B C" was written in blue in k below 
the mark 11a, resulting in the light shielding filter 11 . 
[0076] The light shielding fitter 11 was placed on the 
substrate 1 and the dummy transparent substrate 4 cou- 

40 pied together before curing, and the ultraviolet rays were 
irradiated on the substrates through the light shielding 
filter 11 to cure the resin by using an ultraviolet rays ir- 
radiation apparatus having an ultraviolet rays lamp as 
mentioned hereinafter. 

45 [0077] The contraction of the resin upon curing 
caused a stress distribution in the resin interposed be- 
tween the substrates 1 and 4, resulting in the watermark 
due to a microscopic displacement of the reflective layer 
2 as mentioned in the foregoing. 

50 [0078] Upon a visual evaluation of the watermark, the 
watermark corresponding to the mark 11a written in 
black ink on the light shielding filter 11 could be clearly 
observed. On the other hand, the watermark corre- 
sponding to the mark 1 1 b written in blue ink was not so 

55 clearly observed compared with the watermark corre- 
sponding to the mark 11a, however, the watermark itself 
was identified as it was. It should be noted that it is pos- 
sible to allow the watermark to have a clear gradation 
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by changing the color of the mark (as the light shielding 
member) to be "used. 

[0079] Upon a reproduction evaluation of the optical 
disc, the output waveform of the optical reproduction 
signal from the watermark corresponding to the mark 
1 1a written in black ink was slightly disturbed, however, 
it was not a problem to the practical use. 
[0080] On the contrary, the output waveform of there- 
of from the watermark corresponding to the mark 11b 
written in blue ink was not disturbed at all, and the re- 
production was normally performed. 
[0081] After the transparent substrate 1 was separat- 
ed from the dummy transparent substrate 4, a replica 
was taken from the information signal recorded surface 
1 a of the transparent substrate 1 . However, the water- 
mark had disappeared from the replica. 
[0082] Further, a master cutting was performed to at- 
tempt the optical disc duplication from the reproduced 
signal by inputting the output waveform of the optica! 
disc to an optical modulation device of a cutting ma- 
chine. Result was that the watermark disappeared from 
the duplicated optical disc. 

[0083] As a result, it was confirmed that the water- 
marlecarrno^be^uplirateb^atalHn-both^hysicahand- 
electronic duplication attempts. 
[0084] According to the optical disc of the present in- 
vention, the watermark is built in as a microscopic dis- 
placement distribution of the reflective layer by micro- 
scopically displacing positions of the reflective layer cor- 
responding to the watermark having a specific shape 
without providing any unevennesses steps on the outer 
surfaces of the disc separated. 
[0085] Accordingly, when the transparent substrate is 
separated from the dummy transparent substrate to 
make the replica from the information signal recorded 
surface of the transparent substrate, the watermark de- 
pending on the stress distribution between the reflective 
layer and the adhesive layer is extinct because of the 
extinction of the stress distribution. 
[0086] As a result, the optical disc duplicated from the 
original one has no watermark. Thus, it is possible for 
users to distinguish the false optical discs from the gen- 
uine ones. These facts contribute to securely prevent 
the forgery of the optical disc. 
[0087] Next, a description is given of optical disc pro- 
duction apparatuses of an optical disc according to the 
present invention. 

[0088] Before the description thereof, a preferable 
embodiment of the optical disc is explained. 
[0089] Fig. 12 is a schematic view for explaining an 
optical disc having a watermark produced by using op- 
tical disc production apparatuses according to the 
present invention, wherein like reference characters 
designate like or corresponding parts as mentioned in 
the first to fifth embodiments in the foregoing. 
[0090] Optical disc A comprises a transparent sub- 
strate 1 , a reflective layer 2, an adhesive layer 3 and a 
dummy transparent substrate 4, which are stacked in 



this order. 

[0091] One surface of the transparent substrate 1 is 
an information signal recorded surface 1a, and from the 
other surface 1b thereof a laser beam is irradiated in a 

5 direction shown with L to reproduce the information sig- 
nal from the surface 1a. On the information signal re- 
corded surface 1 a, information signal tracks are coaxi- 
ally or spirally formed. The information signal tracks 
have at least a form selected from a group of pits, 

10 grooves and lands. 

[0092] For instance, when the optical disc of the 
present invention is fabricated as DVD-ROM, the infor- 
mation signal tracks are made of pits and mirror. In the 
case of DVD-RAM, the information signal tracks are 

is made of grooves or lands, and in the case of DVD-R or 
DVD-RW, the information signal tracks are made of 
grooves. 

[0093] On the information signal recorded su rface 1 a, 
a reflective layer 2 is formed being contacted therewith. " 

20 The adhesive used for the adhesive layer 3 is an ultra- 
violet rays curing resin. On the dummy transparent sub- 
strate 4, there is not formed the information signal re- 
corded surface 1a. 

[0094}— As-showrrinFigrt27irrthe-opticahdisc-Ahaving 

25 abovementioned structure of the present invention, 
marks, pictures, letters, symbols and numerals having 
sizes capable of being visually observed are built as a 
watermark within the adhesive layer 3. 
[0095] In order to form the watermark in the optical 

30 disc A, a light shielding mask 1 5 is used. The light shield- 
ing mask 1 5 has light shielding members 15a composed 
of the marks, pictures, letters, symbols and/or numerals 
each having a size capable of being visually observed, 
and a reference character 15b designates a blank por- 

35 tion of the light shielding mask 1 5 where the light shield- 
ing members 15a is not provided. Further, it is possible 
to form a reversal of the watermark, i.e. a negative wa- 
termark by providing it as the blank portion 15b instead 
of the light shielding members 15a composed of the 

40 marks, pictures, letters, symbols and/or numerals each 
having a size capable of being visually observed as the 
blank portion 1 5b of the light shielding mask 1 5. 
[0096] Upon curing a liquid ultraviolet rays curing res- 
in for bonding the transparent substrate 1 having the re- 

45 flective layer 2 thereon to the dummy substrate 4, such 
a light shielding mask 1 5 is used along with the ultravi- 
olet rays. 

[0097] Specifically, as shown in Fig. 12, the light 
shielding mask 1 5 is disposed above the dummy trans- 

so parent substrate 4, and the ultraviolet rays (not shown) 
are irradiated over the light shielding mask 15. Thereby, 
the ultraviolet rays are irradiated through the light shield- 
ing mask 15 and the dummy transparent substrate 4 at 
a portion 3B of the ultraviolet rays curing resin except 

55 for a shadowed portion 3A where the shade of the light 
shielding member 15a of the light shielding mask 15 is 
projected. 

[0098] As a result, in the adhesive layer 3, there oc- 
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curs both the portion 3B irradiated with the ultraviolet 
rays and the shadowed portion 3A without the irradiation 
thereof. Of course, the ultraviolet rays from the portion 
3B partially reach the shadowed portion 3A. 
[0099] Thereby, there is developed a curing speed dif- 
ference between the shadowed portion 3A and the por- 
tion 3B In the adhesive layer 3. 
[0100] The above watermark results in the curing 
speed difference of the ultraviolet rays curing resin in 
the adhesive layer 3. 

[0101] Specifically, when the resin at the shadowed 
portion 3a is cured, the reflective layer 2 closely contact- 
ed with the transparent substrate 1 is pulled by the ad- 
hesive layer 3 toward the dummy transparent substrate 
4 (within the shadowed portion 3A), resulting in a loose 
state, i.e., the reflective layer 2 closely contacted with 
the transparent substrate 1 is microscopically displaced 
toward the dummy transparent substrate 4. Accordingly, 
the watermark is formed in the adhesive layer 3. 
[0102] For instance, upon curing the liquid ultraviolet 
rays curing resin in the shadowed portion 3A, there may 
generate a microscopic space 6 between a surface 4b 
of the dummy transparent substrate 4 and the adhesive 



present invention as follows. 

(1) Optical disc producing method utilizing a light 
shielding mask. 
s (2) Optical disc producing method utilizing no light 
shielding mask. 

(1) producing method utilizing a light shielding mask. 

10 [0112] As shown in Fig. 12, in the producing method 
utilizing the light shielding mask 15, the light shielding 
mask 15 is placed above the surface of the dummy 
transparent substrate 4 of the optical disc A and the ul- 
traviolet rays are irradiated on the optical disc A through 
is the light shielding mask 15. The watermark is formed 
corresponding to a light shielding member 15a and a 
blank portion 15b of the light shielding mask 15. Both 
the light shielding member 15a and the blank portion 
15b thereof form pictures, letters, symbols and numer- 
ic als, each having a size capable of being visually ob- 
served. 

(2) producing method utilizing no light shielding mask. 



-iayer3rbecause-trre-uppersurface-ofthe-ultravioletrays- 
curing resin closely contacted with the surface 4b of the 
dummy transparent substrate 4 is pulled inside of the 
adhesive layer 3, while a close contacting state of the 
reflective layer 2 becomes a loose contacting state. 
[01 03] Upon building the watermark in the optical disc 
A, it is possible to record the information as follows. 
[01 04] For example, on the production process of the 
optical disc, the watermark is fully changed at every pro- 
duction lot, for instance, every 100 sheets, 1 ,000 sheets 
or 10,000 sheets as a production lot. 
[0105] The relationship between the production lot 
and the watermark can be used to specify a certain pro- 
duction lot of mass-produced optical discs among many 
production lots in the distribution channels to the market 
by only watching the watermark of one of them. 
[0106] As a result, when a production defect occurs 
at a specific production lot, it is possible to effectively 
and securely withdraw all the optical discs belonging to 
the specific production lot in the distribution channels by 
only observing the watermark of the optical disc. 
[01 07] Further, it is not always necessary to change 
the whole watermark at every production lot but a part 
of the watermark successively at every production lot. 
[0108] For instance, a watermark may be built in the 
adhesive layer 3 along with a serial number, wherein the 
serial number is increased by 1 at every production lot. 
[0109] Needless to say, the serial number may be re- 
placed with, for instance, alphabetical letters, Japanese 
hirakana or katakana letters. 

[0110] The effect thereof is the same as that of the 
previously mentioned method, thus, the description is 
omitted here. 

[0111] As mentioned in the foregoing, there may be 
producing methods of the optical disc according to the 



25 [011 3] In this method, instead of preparing a separate 
light shielding mask, light shielding members 15a for 
forming the marks, pictures, letters, symbols and nu- 
merals corresponding to a watermark are provided di- 
rectly on at least one of the surfaces 4a, 4b of the dummy 

30 transparent substrate 4 of the optical disc A. 

[011 4] When a reversal (negative) watermark thereof 
is desired, the blank portions 15b designed to have the 
marks, picture, letters, symbols and numerals are direct- 
ly provided on one of the surfaces 4a, 4b. Then, the ul- 

35 traviolet rays are irradiated over the surface 4a of the 
dummy transparent substrate 4, resulting in the water- 
mark in the adhesive layer 3 of the optical disc A. 
[0115] Meanwhile, on the light shielding mask 15 
mentioned in the foregoing, the light shielding member 

40 15a of the mark, picture, letter, symbol and numeral is 
written or printed in black, blue or red ink, or the light 
shielding member 15a made of a film sheet or a paper 
sheet having a shape of the mark, picture, letter, symbol 
and numeral is bonded or laminated thereon. 

45 [0116] When the light shielding member 15a is printed 
in black ink on the light shielding mask 15, or the light 
shielding member 1 5a made of a paper sheet having 
black color is tightly bonded or laminated thereon, a 
complete light shielding state can be obtained. As a re- 

50 suit, when the ultraviolet rays are irradiated over the light 
shielding mask 15, a shape of the light shielding mem- 
ber 15a is clearly projected to the shadowed portion 3A 
of the adhesive layer 3. 

[0117] On the other hand, when the light shielding 
55 member 1 5a is printed in ink (blue, red, green, yellow or 
white) other than black ink on the light shielding mask 
15, or the light shielding member 15a made of a paper 
sheet having a color other than black color is imperfectly 
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bonded or placed thereon, a perfect light shielding state 
can not be obtained. 

[0118] As a result, when the ultraviolet rays are irra- 
diated over the light shielding mask 15, the light shield- 
ing member 15a causes the shadowed portion 3A of the 
adhesive layer 3 to have different darkness depending 
on a light transmittance of the light shielding member 
5a, which is subject to the color, material, a bonding 
state and a placement state of the light shielding mem- 
ber 5a. The gradation of the watermark can be changed 
by changing the wavelength and/or the transmittance of 
the light (the ultraviolet rays) which is needed to cure 
the ultraviolet curing resin. 

[0119] In other words, the darkness or lightness of the 
watermark is determined by the light transmittance of 
the light shielding member as shown in Fig. 19. 
[0120] Fig. 19 is a graph for explaining a relation be- 
tween a light transmittance of the ultraviolet rays of the 
light shielding member 5a and a density of the water- 
mark formed in the optical disc A. 
[01 21] Generally, the ultraviolet rays curing resin can 
be cured by using the ultraviolet rays having a wave- 
length of not more than 450 nm (a wavelength of ultra- 



[Sixth embodiment of an ultraviolet rays curing 
apparatus] 

[0126] Fig. 13 is a schematic view of an ultraviolet 
s rays curing apparatus of a sixth embodiment of the 
present invention. 

[0127] As shown in Fig. 1 3, an ultraviolet rays curing 
apparatus Ba of a sixth embodiment of the present in- 
vention comprises an exhaust duct 10, an exhaust fan 

10 nf for discharging the air from the apparatus Ba, an ul- 
traviolet rays lamp 12, an ultraviolet rays shutter 13 for 
opening and closing an optical path x of the ultraviolet 
rays, a thermic rays cutting filter 14 for filterring out the 
thermic rays emitted from the ultraviolet rays lamp 12, 

is a mask tray 1 6 for mounting the light shielding mask 1 5 
having the light shielding member 15a, a table 17 for 
mounting an optical disc A comprised of the transparent 
substrate 1 and the dummy transparent substrate 4 
bonded together with a liquid ultraviolet rays curing res- 

20 in, a table transfer mechanism (not shown) for transfer- 
ring the optical disc A from a bonding process of the op- 
tical disc A to the table 17 and transferring the optical 
disc A to the subsequent process, and a cylindrical ves- 



~viotet-rays-regiorr): 

[0122] In Fig. 19, the abscissa indicates the light 
transmittance of the light shielding member 5a for the 
ultraviolet rays of not more than 450 nm wavelength, the 
ordinate indicates the resultant darkness of the water- 
mark. As shown, when the light transmittance of the 
shielding member 15a is zero, the resulted watermarks 
becomes darkest, for the reason that the shadowed por- 
tion 3A takes a longer time to cure developing a higher 
stress therein. 

[0123] When a lighter watermark is desired, the light 
transmittance of the light shielding member 1 5a is made 
to be increased. In order to control the light transmit- 
tance, the color of the light shielding member 15a may 
be changed form pure black to other color to allow more 
light to pass therethrough. 

[0124] As mentioned in the foregoing, there may be 
developed the space 6 between the adhesive layer 3 
and the dummy transparent substrate 4 corresponding 
to the stress distribution developed in the bonding sur- 
face of the optical disc A. The thicknesses of the trans- 
parent substrate 1 and the dummy transparent sub- 
strate 4 are both 0.6 mm, and the light shielding mask 
15 provided with the light shielding member 15a has 
such a spectrum characteristic as the light transmittance 
of 10 % with respect to the ultraviolet rays having a 
wavelength not more than 450 nm. 
[0125] Next, a description is given of ultraviolet rays 
curing apparatuses of a sixth embodiment to a twelfth 
embodiment of the present invention, which are used 
for the optical disc reproducing apparatuses. 
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25 [0128] The mask tray 16 for the light shielding mask 
15 is defined with a hole 16h located over the optical 
disc A. The hole 1 6h of the mask tray 1 6 has a diameter 
to allow the ultraviolet rays to irradiate the optical disc 
A uniformly. The mask tray 1 6 is freely transferred to the 

30 cylindrical vessel B1 in a direction shown with an arrow 
a. An arrow shown with b designates a transferring di- 
rection of the table 17. 

[0129] As mentioned in the foregoing, the light shield- 
ing mask 15 is detachably mounted and fixed on the 
35 mask tray 16. Thus, upon changing the watermark for 
every production lot, it is possible to take out the mask 
tray 1 6 from the cylindrical vessel B1 and to change the 
watermark without disassembling the apparatus Ba. 

40 [Seventh embodiment of an ultraviolet rays curing 
apparatus] 

[01 30] In order to change the watermark for every pro- 
duction lot, it needs the mask tray 16 having a structure 

45 capable of changing various light shielding masks 15. 
[0131] Fig. 14 is an ultraviolet rays curing apparatus 
of a seventh embodiment of the present invention. 
[0132] As shown in Fig. 14, an ultraviolet rays curing 
apparatus Ca of a seventh embodiment of the present 

50 invention is the same structure as that of the sixth em- 
bodiment shown in Fig. 13 except for a new addition of 
a light shielding mask transfer mechanism (referred to 
as mask transfer mechanism) 16a, wherein like parts 
are shown with like reference characteristics in the sixth 

55 embodiment, and the detailed description is omitted for 
simplicity. 

[01 33] The ultraviolet rays curing apparatus Ca is pro- 
vided with the mask transferring mechanism 1 6a capa- 
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ble of linearly transferring a plurality of light shielding 
masks 15A, 15B, 15C, •» for forming different water- 
marks from each other. The mask transferring mecha- 
nism 16a is provided above the mask tray 16 for mount- 
ing the light shielding mask 1 5. s 
[01 34] The mask transferring mechanism 1 6a has the 
same construction as that of a belt conveyer, and trans- 
fers the plurality of light shielding masks 15A, 15B, 15C, 
••* mounted on the belt conveyer from left to right (in a 
direction shown with an arrow c) to a predetermined po- 
sition responsive to a control signal of a control device 
(not shown). 

[0135] Each of the plurality of light shielding masks 
15A, 15B, 15C, ••• has a light shielding member 15Aa, 
(1 5Ba, 15Ca, »•) of a mark, a picture, a letter, a symbol 
or a numeral capable of being visually observed as the 
watermark. 

[0136] When a specific watermark is desired to be 
formed in the optical disc, the mask transferring mech- 
anism 16a transfers a corresponding light shielding 
mask to a position above the hole 16h of the mask tray 
16 and stops it thereon correctly by a control signal out- 
putted from the control device (not shown), resulting in 
— thatthe-mask-tray-t6is-positioned-precisely-abovethe- 
hole 16h of the mask tray 1 6. 
[0137] After that, when other watermark is desired, 
the mask transferring mechanism 16a transfers a cor- 
responding light shielding mask to the hole 16h of the 
mask tray 16 and stops responsive to a control signal 
from the control device. Thus, the light shielding mask 
is positioned correctly over the hole of the mask tray 16. 
[0138] As mentioned above, the light shielding mask 
can be changed in a short time, if necessary. 
[0139] The ultraviolet rays curing apparatus Ca irra- 
diates the ultraviolet rays x on the bonded optical disc 
A mounted on the table 17 through one of the light 
shielding masks 15 A, 15B, 15C, •» and the hole 16h of 
the mask tray 16 with uniform irradiation. 
[0140] As a result, it is possible to obtain a desired 
watermark in the optical discs by linearly displacing a 
necessary light shielding masks 15A, 15B, 15C, — on 
the mask transferring mechanism 16a and transferring 
one of the masks to the mask tray 1 6, wherein the mask 
is securely positioned on the mask tray 16. 

[Eighth embodiment of an ultraviolet rays curing 
apparatus] 

[0141] Fig. 15 is a schematic plan view for explaining 
an ultraviolet rays curing apparatus of the eighth em- 
bodiment of the present invention. 
[01 42] As shown in Fig. 1 5, the ultraviolet rays curing 
apparatus Da in the eighth embodiment has the same 
construction as that of the ultraviolet rays curing appa- 
ratus Caof the seventh embodiment except for the mask 
transfer mechanism 16c. 

[01 43] In the apparatus Da, the mask transfer mech- 
anism 16a of the apparatus Ca in the seventh embodi- 



ment is replaced with a mask transfer mechanism 16c 
having a circular shape (an index table), wherein like 
components are shown with like reference characters, 
and the detailed description is omitted. 
[0144] Referring to Fig. 15, in the ultraviolet rays cur- 
ing apparatus Da, a plurality of light shielding masks 
15A, 15B, 15C, 15D, 15E, 15F, 15G, »■ , 15X for forming 
different watermarks from each other are provided on 
the mask transfer mechanism 16c. The mask transfer 
mechanism 16c is disposed over the mask tray 16 apart 
therefrom at a predetermined space, and circularly 
transfers one of the plurality of light shielding masks 
15A, 15B, 15C, 15D, 15E, 15F, 15G, - , 15X over the 
mask tray 1 6 in a counterclockwise direction shown with 
an arrow e, to allow it to stop at a predetermined position 
responsive to a control signal outputted from a control 
device (not shown). On the light shielding masks 15A, 
15B, 15C, 15D, 15E, 15F, 15G, »• 15X, there are formed 
light shielding members 15Aa, 15Ba, 15Ca, 15Da, 
15Ea, 15Fa, 15Ga, — , 15Xa for forming marks, pic- 
tures, letters, symbols and numerals, respectively. Each 
of them has a size capable of being visually observed 
as a watermark. 

-[01 45]— When-a-specific-wate rmark-is-desired-to-be- 
formed, the mask transfer mechanism 1 6c transfers one 
of the light shielding masks (15A - 15X) corresponding 
to the specific watermark to a predetermined position 
over the hole 16h of the mask tray 16 and stops it after 
precisely positioning it responsive to a control signal 
from the control device (not shown), resulting in a pre- 
cise disposition of the light shielding masks over the hole 
16h of the mask tray .16. 

[0146] After that, when another watermark is desired 
to be formed, the mask transfer mechanism 16c trans- 
fers another one among the light shielding masks (15A 
-15X) corresponding to the desired watermark to the 
predetermined position over the hole 16h of the mask 
tray 16 and stops it after precisely positioning it, result- 
ing in a precise disposition of the light shielding mask 
over the hole 16h of the mask tray 16 responsive to a 
control signal from the control device (not shown). 
[0147] As mentioned above, the desired light shield- 
ing mask can be changed in a short time. 
[0148] Then, the ultraviolet rays curing apparatus Da 
irradiates an ultraviolet ray uniformly on the optical disc 
A mounted on the table 17 through one of the plurality 
of light shielding masks 15A, 15B, 15C, 15D, 15E, 15F, 
15G, - , 15X, and the hole 16h of the mask tray 16. 
[0149] Accordingly, it is possible to form a different 
watermark for every production lot by circularly dispos- 
ing the light shielding masks 15A, 15B, 15C, 15D, 15E, 
15F, 15G, — , 15X on the mask transfer mechanism 16c 
corresponding to the necessary' kinds of the water- 
marks, and by transferring one of them corresponding 
to a specific production lot to the predetermined position 
over the hole 16h of the mask tray 16 by the rotation of 
the mask transfer mechanism 16c. 
[0150] Generally, when the distance between the light 
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shielding mask 15 and the optical disc A mounted on 
the table 17 is too large, the ultraviolet rays passing 
through the light shielding mask 15 tend to go around 
the light shielding members, then reach the optical disc 
A. Thus, the watermark formed in the optical disc A be- s 
comes vague. Therefore, it is preferable to position the 
light shielding mask 15 over the optical disc A mounted 
on the table 17 as close as possible without contacting 
to each other. 

[01 51] In order to find an optimum distance, it is pref- 10 
erable to control the best position of both the optical disc 
A and the light shielding mask 15 to prevent the vague- 
ness of the watermark by optionally displacing them in 
an upper or lower direction when the ultraviolet rays cur- 
ing apparatuses Ba, Ca and Da are operated. is 

[Ninth embodiment of an ultraviolet rays curing 
apparatus] 

[0152] Fig. 16 is a schematic view of an ultraviolet 20 
rays curing apparatus of a ninth embodiment of the 
present invention. 

[0153] The description is given of an ultraviolet rays 

whTtpapparaliis-Ea-ol^^^ 

present invention referring to Fig. 16, wherein the mask 25 
tray 16 and the table 17 of the ultraviolet curing appara- 
tus Ba shown in Fig. 13 are independently adjustable in 
directions shown with an arrow d and an arrow f. 
[0154] Thereby, it is possible to adjust the best posi- 
tions of the mask tray 1 6 and the optical disc A by dis- 30 
placing one of them or both of them in the directions d 
and/or f , even when the light shielding mask 1 5 mounted 
on the mask tray 1 6 and the optical disc mounted on the 
table 17 are largely away from each other, resulting in 
a secure prevention of vagueness of the watermark. 35 

[Tenth embodiment of an ultraviolet ray curing 
apparatus] 



[0155] Fig. 17 is a schematic view of an ultraviolet to 
rays curing apparatus of a tenth embodiment of the 
present invention. 

[0156] The description is given of an ultraviolet rays 
curing apparatus Fa of the tenth embodiment of the 
present invention, referring to Fig. 17, wherein the ap- 4S 
paratus Fa of the tenth embodiment has the same con- 
struction as that of the ultraviolet rays curing apparatus 
Ba shown in Fig. 13 except for a partial light shielding 
mask change transfer mechanism (referred to as a par- 
tial mask transfer mechanism) 1 8 for the light shielding so 
mask, which mechanism 18 is newly added to the ap- 
paratus Ba. Thus, like parts are shown with like refer- 
ence characters in the apparatus Ba and the detailed 
description is omitted here. 

[0157] Referring to Fig. 17, the light shielding mask ss 
1 5 used in the ultraviolet rays curing apparatus Fa of the 
tenth embodiment comprises the light shielding member 
1 5a for forming a most part of the watermark and a fitting 



section 15AA for changeably mounting a partial light 
shielding mask (referred to as a partial mask) 15aa 
(15bb, 15cc, 15dd, 15ee, 15ff, 15gg, .-. , or 15xx) for 
changing a part of the watermark. 
[0158] The fitting section -15AA of the light shielding 
mask 15 has a recess shape to allow the partial mask 
15aa (15bb, 15cc, 15dd, 15ee, 15ff, 15gg, ... , or 15xx) 
to be securely fitted thereto. - 

[0159] In the fitting section 15AA, there is detachably 
mounted a specific partial mask selected from a plurality 
of the partial masks 15aa, 15bb, 15cc, 15dd, 15ee, 15ff, 
15gg, - , 15xx by being transferred. 
[0160] Each of the partial masks 15aa, 15bb, 15cc, 
15dd, 15ee, 15ff, 15gg, »■ , 15xx has a light shielding 
member 15aaa, 15bbb, 15ccc, 15ddd, 15eee, 15fff, 
15ggg, ... , or 15xxx correspondingly therewith such as 
a mark, a picture, a letter, a symbol, or a numeral, each 
having a size capable of being visually observed, as a 
part of the watermark. 

[0161] Specifically, when one of serial numbers is de- 
sired to successively be formed in each of the water- 
marks of the plural optical discs A as a part of the wa- 
termark, such light shielding members as including a nu- 
-Tnerah[t]r12]^ 
successively formed on the partial masks 15aa, 15bb, 
15cc, 15dd, 15ee, 15ff, 15gg, , 15xx, correspondingly 
therewith. 

[0162] On the other hand, the partial mask transfer 
mechanism 1 8 comprises an arm 1 8a and a partial mask 
mounting section 18b. On the partial mask mounting 
section 18b, there are circularly mounted a plurality of 
the partial masks 15aa, 15bb, 15cc, 15dd, 15ee, 15ff, 
15gg, ... , 15xx. The partial mask mounting section 18b 
is rotated in a counterclockwise direction shown with an 
arrow h in Fig. 17. 

[0163] The arm 18a rotates at an axis 18aa in direc- 
tions shown with an arrow g to swing between the light 
shielding mask 1 5 mounted on the mask tray 1 6 and the 
partial mask mounting section 1 8b. At a distal end of the 
arm 18a, there is provided a suction cup 18ab for de- 
tachably holding one of the partial masks 15aa, 15bb, 
15cc, 15dd, 15ee, 15ff, 15gg, ». , 15xx easily. 
[0164] Next, the description is given of the operation 
of the ultraviolet rays curing apparatus Fa in the case 
where the partial mask 1 5aa mounted on the fitting sec- 
tion 1 5AA of the light shielding mask 1 5 is replaced with 
another partial mask 1 5bb. 

[0165] It should be noted that the same is true in the 
case where either of the partial masks 1 5aa, 1 5bb, 1 5cc, 
15dd, 15ee, 15ff, 15gg, ... , 15xxis replaced with anoth- 
er one. 

[0166] First, the partial mask mounting section 18b is 
rotated in the direction h and stopped by a control signal 
from the control section (not shown) in response to a 
manner that the partial mask 15aa mounted thereon is 
positioned under the suction cup 18ab of the arm 18a. 
[0167] Next, the suction cup 18ab of the arm 18a 
holds the partial mask 1 5aa mounted on the partial mask 
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mounting section 1 8b and the arm 1 8a hangs the partial 
mask 1 5aa responsive to a control signal from the con- 
trol section (not shown). 

[0168] After that, the arm 18a hanging the partial 
mask 15aa is rotated in the direction shown with the ar- 
row g to transfer the partial mask 15aa over the fitting 
section 15AA of the light shielding mask 15 and stops. 
Then, the arm 18a gradually goes down until the partial 
mask 15aa is securely fitted in the fitting section 15AA 
of the light shielding mask 15. 
[0169] After the partial mask 15aa is securely fitted in 
the fitting section 15AA of the light shielding mask 15, 
the ultraviolet rays are irradiated on the optical disc A 
through the light shielding mask 15 as mentioned in the 
foregoing. 

[0170] Thereby, there is formed a watermark corre- 
sponding to the light shielding member 15a forming 
most parts of the watermark and the partial mask 15aa 
forming a rest of the watermark. 
[0171] In the same method as mentioned in the fore- 
going, the partial mask 1 5bb can be securely positioned 
in the fitting section 15AAof the light shielding mask 15 
by the partial mask transfer mechanism 18, resulting a 
watermark corresponding^to~thie~irghrshrerding-member- 
15a forming most parts of the watermark and the partial 
mask 15bb forming a part of the watermark instead of 
the partial mask 1 5aa. 

[0172] It is necessary to transfer the partial masks 
15aa, 15bb, 15cc, 15ee, 15ff, 15gg, - , or 15xxto the 
ultraviolet rays curing apparatuses Da, Fa, Ba, Ca, or 
Ea before, an ultraviolet rays shutter 1 3 is opened, in 
addition, it is necessary to remove the partial masks 
15aa, 15bb, 15cc, 15ee, 15ff, 15gg, ••• , or 15xx from the 
ultraviolet rays curing apparatuses Da, Fa, Ba, Ca, or 
Ea after the ultraviolet rays shutter 1 3 is closed. 
[0173] Incidentally, taking account of the flatness of 
the transparent substrate 1 and the dummy transparent 
substrate 4, the mask tray 16 may be omitted when they 
are made of a flat glass. In this case, it is possible to 
form the watermark by positioning the light shielding 
mask 15 extremely close to the optical disc A. 
[0174] Next, the description is given of an embodi- 
ment thereof. 

[Eleventh embodiment of an ultraviolet rays curing 
apparatus] 

[0175] Fig. 20 is a schematic view of an ultraviolet 
rays curing apparatus of a eleventh embodiment of the 
present invention. 

[0176] As shown in Fig. 20, in an ultraviolet rays cur- 
ing apparatus Ga of the eleventh embodiment of the 
present invention, the mask tray 30 for mounting the 
light shielding mask 1 5 is detachably or fixedly provided 
on the table 1 7. This construction is the same as that of 
the ultraviolet rays curing apparatus Ba (Fig. 1 3) except 
for the mask tray 16, which masktray 16 is replaced with 
the mask tray 30. 



[0177] Like parts are shown with like reference char- 
acters in Fig. 13. Thus, the description is omitted here. 
Further, upon irradiating the ultraviolet rays, the table 17 
is rotated in the direction shown with an arrow j to per- 
5 form uniform the irradiation of the ultraviolet rays. 

[Twelfth embodiment] 

[0178] Fig. 21 is a schematic view of an ultraviolet 
10 rays curing apparatus of a twelfth embodiment of the 
present invention. 

[0179] As shown in Fig. 21, in an ultraviolet rays cur- 
ing apparatus Ha of the twelfth embodiment of the 
present invention, the masktray 30 shown in Fig. 20 for 

is mounting the light shielding mask 15 is removed from 
the table 17, and the light shielding mask 15 is directly 
mounted on the optical disc A. 
[0180] This construction is the same as that of the ul- 
traviolet rays curing apparatus Ga (Fig. 20) without the 

20 mask tray 30. 

[0181] Like parts are shown with like reference char- 
acters in Fig. 20. Thus, the description is omitted here. 
Further, upon irradiating the ultraviolet rays, the table 17 
is"rotated-in"the-direction-showrrwithran-arrow-j-toper- 

25 form uniform irradiation of the ultraviolet rays. 

[01 82] Next, the description is given of the method for 
developing light and dark portions in the watermark. 
[0183] Various kinds of the light shielding masks 15 
are formed as follows. 

30 [0184] (1) Three quartz glass plates each having a 
thickness of 1 mm and a diameter of 140 mm are pre- 
pared, and on one of them a Japanese kanji character 
[haru or spring] is written in black ink, on another one a 
Japanese kanji character [natsu, or summer] in blue ink, 

35 and on the rest a Japanese kanji character [aki or au- 
tumn] in yellow ink. 

[0185] It is possible to change the light transmittance 
of the written characters for the ultraviolet rays by 
changing the color of ink to be used. Thereby, it is pos- 
40 sible to change the light and dark portions of the water- 
mark. 

[0186] Further, in order to change the light transmit- 
tance for the ultraviolet rays, it is possible to change a 
thickness of the ink layer. 

45 [0187] Fig. 19 is a graph showing a relation between 
the light transmittance of the masking members for the 
ultraviolet rays and a darkness of the watermark. 
[0188] As seen from Fig. 19, as the light transmittance 
for the ultraviolet rays is decreased, the watermark be- 

50 comes dark. On the contrary, as the light transmittance 
of thereof is increased, the watermark becomes light. 
[0189] On the other hand, as the watermark becomes 
dark, the waveform of reproduction output signal in a 
high frequency is largely disturbed when the optical disc 

55 A is reproduced, resulting in impossibility of a normal 
reproduction. 

[0190] Accordingly, it is preferable to determine a val- 
ue of the light transmittance for the ultraviolet rays by 
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confirming the reproduced waveform. 
[0191] Figs. 18(A) to 18(D) are schematic view for ex- 
plaining constructions of various kinds of the light shield- 
ing masks. 

[0192] As mentioned in the foregoing, the optical 
discs A having different watermarks and darkness of 
[haru or spring], [natu or summer] and [aki or autumn] 
are shown in Fig. 18(A), wherein a reference character 
20 designates a quarts glass sheet and 21, 22 light 
shielding members for forming the watermark having 
different darkness. 

[0193] In the light shielding mask 15 shown in Fig. 18 
(B), a transparent film 23 is used instead of the quarts 



[0194] (2) As shown in Fig. 18(C), on a surface of a 
frosted glass plate 24 having minute irregularities 24a 
thereon, alphabetic letters [A B C] are written in trans- 
parent ink or liquid ink, resulting in the light shielding 
mask 15. In this light shielding mask 15, the light trans- 
mittance for the ultraviolet rays of the letter portions 25, 
26 is increased compared with that of crystal glass hav- 
ing no irregularities. 

[0195] Shadowing condition is different from ones 
-mentioned-irHhe-item-(^)^ 
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discs of forgery from genuine ones by only visually ob- 
serving the information signal recorded surface having 
recording tracks formed spirally or coaxially from the re- 
production side of the optical disc if the watermark is 
formed or not therein. This contributes to distinguish for- 
geries from genuine ones in the market. 
[0202] A customer can confirm if the optical disc he 
or she is buying is a forgery or genuine before purchas- 
ing it. 

[0203] Further, it is possible to eliminate optical discs 
of forgery from the market. 



Claims 

1 . An optical disc producing method for producing an 
optical disc comprising a transparent substrate hav- 
ing an information signal recorded surface, a reflec- 
tive layer formed on the information signal recording 
surface thereof, an adhesive layer formed on the 
reflective layer and a dummy transparent substrate 
on the adhesive layer stacked in this order, the 
method comprising the steps of: 



[0196] However, the watermark was obtained as well 
as ones mentioned in the case (1). The optical repro- 
duction output was slightly disturbed, but not so much 
as disturbing the normal reproduction of the optical disc 
A. 

[0197] Further, as shown in Fig. 18(D), it is possible 
to make a light shielding mask by making recesses 28, 
29 corresponding to the watermark on a transparent 
glass plate 27, and filling the recesses 28, 29 with a light 
shielding member. 

[0198] Each of the optical discs formed with the wa- 
termarks by using the light shielding masks 15 shown 
in Figs. 18(A), 18(B), 18(C) and 18(D) was separated 
into the two substrates, and a replica was produced from 
the information signal recorded surface 1a of the trans- 
parent substrate 1 of every optical disc. However, the 
watermark was extinct therefrom. 
[0199] Further, a reproduction signal waveform from 
each of the optical discs A was inputted to an optical 
modulation device of a cutting machine to make a rep- 
lica of the optical disc A in the normal optical disc pro- 
duction process. However, the watermark could not be 
observed. 

[0200] According to the optical disc having the con- 
structive features mentioned in the foregoing, the optical 
disc producing method and the apparatus for reproduc- 
ing the optical disc, it is possible to prevent the forgery 
of the watermark formed between an information signal 
recorded surface of the transparent substrate and an 
surface of the dummy transparent substrate without 
having physical uneven steps in the optical disc, and the 
watermark is disappeared upon an attempt of making a 
forgery of the optical disc. 

[0201] Thus, it is possible to distinguish the optical 
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forming the reflective layer on the information 
signal recorded surface of the transparent sub- 
strate; 

coating an adhesive on the reflective layer to 
form the adhesive layer, wherein a curing 
speed of the adhesive is changeable according 
to a controlled amount of irradiation of electro- 
magnetic radiation rays; 
disposing the dummy transparent substrate on 
the transparent substrate sandwiching the re- 
flective layer and the adhesive layer; 
disposing a mask member over a top surface 
of the dummy transparent substrate, wherein 
the mask member has a specific masking pat- 
tern for partially shielding the electromagnetic 
radiation rays; and 

irradiating the electromagnetic radiation rays 
on the adhesive layer through the mask mem- 
ber to cause the adhesive to be cured by con- 
trolling an amount of irradiation of the electro- 
magnetic radiation corresponding to the specif- 
ic masking pattern, whereby a position of the 
reflective layer is microscopically and partially 
displaced corresponding to the specific mask- 
ing pattern from an original position of the re- 
flective layer, and thus displaced reflective lay- 
er visually exhibits a watermark having the spe- 
cific masking pattern after the adhesive is 
cured. 

An optical disc produced according to the producing 
method defined in claim 1, wherein the watermark 
having the specific masking pattern is visible from 
a reproduction side opposite to the signal recording 
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5. 



surface of the transparent substrate. 

An optical disc producing method as claimed in 
claim 1 , wherein the specific shape includes at least 
one selected from a group consisting of a mark, a 
picture, a letter, a symbol and a numeral. 

An optical disc as claimed in claim 2, wherein the 
specific shape includes at least one selected from 
a group consisting of a mark, a picture, a letter, a 
symbol and a numeral. 

An optical disc producing method for producing an 
optical disc comprising a transparent substrate hav- 
ing an information signal recorded surface, a reflec- 
tive layer formed on the information signal recorded 
surface thereof, an adhesive layer formed on the 
reflective layer and a dummy transparent substrate 
on the adhesive layer stacked in this order, the 
method comprising the steps of: 

forming the reflective layer on the information 
signal recorded surface of the transparent sub- 
st rate; 



coating an adhesive on the reflective layer to 
form the adhesive layer, wherein a curing 
speed of the adhesive is changeable according 
to a controlled amount of irradiation of electro- 
magnetic radiation rays; 
disposing the dummy transparent substrate on 
the transparent substrate sandwiching the re- 
flective layer and the adhesive layer; 
forming a mask pattern directly on a top surface 
of the dummy transparent substrate, wherein 
the mask pattern has a specific shape partially 
shields the electromagnetic radiation rays; and 
irradiating the electromagnetic radiation rays 
on the adhesive layer through the mask pattern 
formed on the dummy transparent substrate to 
cause the adhesive to be cured by being con- 
trolled of an amount of irradiation of the elec- 
tromagnetic radiation rays corresponding to the 
specific shape, whereby a position of the reflec- 
tive layer is microscopically and partially dis- 
placed corresponding to the specific shape 
from an original position of the reflective layer; 
and thus displaced displacement of the reflec- 
tive layer visually exhibits a watermark having 
the specific shape after the adhesive is cured. 

6. An optical disc produced according to the producing 
method defined in claim 5, wherein the watermark 
having the specific shape is visible from a reproduc- 

. tion side of the optical disc opposite to the signal 
recording surface of the transparent substrate. 

7. An optical disc producing method as claimed in 
claim 5, wherein the specific shape includes at least 



one selected from a group consisting of a mark, a 
picture, a letter, a symbol and a numeral. 

8. An optical disc as claimed in claim 6, wherein the 
5 specific shape includes at least one selected from 

a group consisting of a mark, a picture, a letter, a 
symbol and a numeral. 

9. An optical disc producing method for producing an 
10 optical disc comprising a transparent substrate hav- 
ing an information signal recorded surface, a reflec- 
tive layer formed on the information signal recorded 
surface thereof, an adhesive layer formed on the 
reflective layer, a mask layer on the adhesive layer 

15 and a dummy transparent substrate on the mask 
layer stacked in this order, the method comprising 
the steps of: 

forming the reflective layer on the reflective lay- 

20 er of the transparent substrate; 

coating an adhesive on the information signal 
recorded surface to form the adhesive layer, 
wherein a curing speed of the adhesive is 
changeable-aeeording-to-a-controHed-amount- 

25 of irradiation of electromagnetic radiation rays; 

disposing the dummy transparent substrate on 
the adhesive layer sandwiching the mask layer 
therebetween, wherein the mask layer has a 
specific pattern for partially shielding the elec- 

30 tromagnetic radiation rays; and 

irradiating the electromagnetic radiation rays 
on the adhesive layer through the mask layer 
to cause the adhesive to be cured by controlling 
an amount of irradiation of the electromagnetic 

35 radiation rays corresponding to the specific pat- 

tern, whereby a position of the reflective layer 
is microscopically displaced corresponding to 
the specific pattern, and thus displaced reflec- 
tive layer visually exhibits a watermark having 

40 the specific pattern after the adhesive is cured. 

10. An optical disc produced according to the optical 
disc producing method defined in claim 9, wherein 
the watermark having the specific pattern is visible 

45 from a reproduction side of the optical disc opposite 
to the signal recording surface of the transparent 
substrate. 

11. An optical disc producing method as claimed in 
50 claim 9, wherein the specific pattern includes at 

least one selected from a group consisting of a 
mark, a picture, a letter, a symbol and a numeral. 

12. An optical disc as claimed in claim 10, wherein the 
55 specific shape includes at least one selected from 

a group consisting of a mark, a picture, a letter, a 
symbol and a numeral. 
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13. An optica! disc producing method as claimed in 
claim 9, wherein the specific pattern is formed as 
unevenness. 

14. An optical disc produced according to the optical 
disc producing method defined in claim 1 3, wherein 
the specific pattern formed as unevenness is visible 
from a reproduction side opposite to the signal re- 
cording surface of the transparent substrate. 

15. An optical disc producing method as claimed in 
claim 1 3, wherein the specific pattern formed as un- 
evenness includes at least one selected from a 
group consisting of a mark, a picture, a letter, a sym- 
bol and a numeral. 

16. An optical disc as claimed in claim 14, wherein the 
specific pattern formed as unevenness includes at 
least one selected from a group consisting of a 
mark, a picture, a letter, a symbol and a numeral. 

17. An optical disc producing method as claimed in 
claim 1 3, wherein the unevenness is printed on one 

surfaceoHhe-dummy-transparent-substrate: 
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adhesive layer; 

disposing mask means having the mask mem- 
bers on one surface of the second substrate; 
irradiating the electromagnetic radiation rays 
on the adhesive through the mask means to 
cause the adhesive to be cured by controlling 
the curing speed of the adhesive responsive to 
existence and nonexistence of the mask mem- 
bers, whereby a watermark is recorded in the 
optical disc corresponding to the existence and 
nonexistence of the mask members after the 
adhesive is cured. 

22. An optical disc producing method as claimed in 
claim 21 , wherein the mask means is supported with 
holding means and an exchange of the mask means 
is performed by replacing the holding means with 
another holding means supporting another mask 
means. 

23. An optical disc producing method as claimed in 
claim 22, wherein the watermark is recorded at an 
optional position in the optical disc by adjusting the 

positiorroHhB-holding-means: 



18. An optical disc producing method as claimed in 
claim 17, wherein the adhesive is made of an ultra- 
violet rays curing resin. 

19. An optical disc produced according to the optical 
disc producing method defined in claim 1 7, wherein 
the specific pattern is visible from a reproduction 
side of the optical disc opposite to the signal record- 
ing surface of the transparent substrate. 

20. An optical disc as claimed in claim 19, wherein the 
specific pattern includes at least one selected from 
a group consisting of a mark, a picture, a letter, a 
symbol and a numeral. 

21. An optical disc producing method for producing an 
optical disc comprising a first substrate having an 
information signal recorded surface, a reflective lay- 
er formed on the information signal recorded sur- 
face thereof, an adhesive layer formed on the re- 
flective layer, mask means having masking mem- 
bers and a second substrate, the method compris- 
ing the steps of: 



24. An optical disc producing method as claimed in 
claim 21 , wherein a plurality of the mask means are 
mounted on transferring means and one of the plu- 
rality of the mask means, is selectively transferred 

30 to the optical disc to record the watermark corre- 
sponding to a pattern of th mask means transferred 
thereto. 

25. An optical disc producing method as claimed in 
3S claim 21, wherein the mask member includes, at 

least, one selected from a group of a mark, a pic- 
ture, a letter, a symbol and a numeral. 



26. An optical disc producing method as claimed in 
40 claim 21 , wherein the mask means has a structure 

capable of replacing a part of the mask means with 
at least one of the mask members. 

27. An optical disc producing method as claimed in 
45 claim 26, wherein one of the mask members has a 

shape including, at least, one selected from a group 
of a mark, a picture, a letter, a symbol and a numer- 
al. 



forming the reflective layer on the information so 
signal recorded surface of the first substrate; 
coating an adhesive on the reflective layer to 
form the adhesive layer, wherein a curing 
speed of the adhesive is changeable according 
to a controlled amount of irradiation of electro- 55 
magnetic radiation rays; 
disposing the second substrate on the first sub- 
strate sandwiching the reflective layer and the 



28. An optical disc producing method as claimed in 
claim 27, wherein the one of the mask members has 
a shape including, at least, one selected from a 
group of numerals, 1, 2, 3, 4, 5, 6, 7, 8, 9, 0, and 
when the part of the mask means is replaced with 
another one of the mask members, numeral select- 
ed for the watermark is made continuous to a 
number included in the part of the mask means 
used before replacement thereof. 
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29. An optical disc producing method as claimed in 
claim 21 , wherein the optical disc is mounted on 
disc mounting means, and the optical disc is rotated 
to receive uniform irradiation of the electromagnetic 
radiation rays. 

30. An optical disc producing method as claimed in 
claim 29, wherein the watermark is recorded at an 
optional position in the optical disc by adjusting a 
position of the disc mounting means. 

31. An optical disc production apparatus for producing 
an optical disc comprising a first substrate having 
an information signal recorded surface, a reflective 
layer formed on the information signal recorded sur- 
face thereof, an adhesive layer formed on the re- 
flective layer, and a second substrate on the adhe- 
sive layer stacked in this order, the adhesive layer 
made of an adhesive of which curing speed is 
changed according to a controlled amount of irradi- 
ation of an electromagnetic radiation rays, the ap- 
paratus comprising: 



34. An optical disc production apparatus as claimed in 
claim 33, wherein the watermark is recorded at an 
optional position in the optical disc by adjusting the 
position of the disc holding means. 

5 

35. An optical disc production apparatus as claimed in 
claim 31, wherein the apparatus further comprises 
mask transferring means for mounting and transfer- 
ring a plurality of the "mask means thereon, and one 

10 of the plurality of the mask means is selectively 
transferred to the optical disc to record the water- 
mark corresponding to a selected mask means by 
the mask transferring means. 

is 36. An optical disc production apparatus as claimed in 
claim 35, wherein the mask transferring means is 
one selected from a group of a circular table and a 
linear conveyer. 

20 37. An optical disc production apparatus as claimed in 
claim 31 , wherein the mask members include, at 
least, one selected from a group of a mark, a pic- 
ture, a letter, a symbol, and a numeral. 



an-electfomagnetic-radiation-rays-soufce; 

mask means provided with mask members for 
partially shielding the electromagnetic radiation 
rays emitted from the electromagnetic radiation 
rays source; and 

disc mounting means for mounting the optical 
disc; 

wherein a watermark is recorded in the optical 
disc by irradiating the electromagnetic radiation 
rays on the adhesive through the mask means 
to cause the adhesive to be cured by controlling 
the curing speed of the adhesive corresponding 
to an existence and nonexistence of the mask 
members. 

32. An optical disc production apparatus as claimed in 
claim 31 , further comprising: 

a shutter for opening and closing an optical path 
of the electromagnetic radiation rays from the 
electromagnetic radiation rays source, and 
- a thermic rays cutting filter for filterring out ther- 
mic rays in the optical path and providing the 
electromagnetic radiation rays without contain- 
ing the thermic rays to the mask means. 

33. An optical disc production apparatus as claimed in 
claim 31, further comprising: 

holding means for holding the mask means, 
wherein an exchange of the mask means is per- 
formed by replacing the holding means with an- 
other mask means supporting another mask 
means. 



28 38. An optical disc production apparatus as claimed in 
claim 31 , wherein the mask means has a construc- 
tion that a part of the mask means is changeable 
with another mask member. 

30 39. An optical disc production apparatus as claimed in 
claim 38, wherein a plurality of mask members are 
mounted on the mask transferring means and one 
of the plurality of mask members replaces another 
mask member previously mounted on the mask 

35 means by the mask transferring means. 

40. An optical disc production apparatus as claimed in 
claim 38, wherein said another mask member has 
a shape including, at least, one selected from a 

^0 group of a mark, a picture, a letter, a symbol and a 
numeral. 

41. An optical disc production apparatus as claimed in 
claim 38, wherein said mask member has a shape 

45 including, at least, one selected from a group of nu- 
merals, 1 , 2, 3, 4, 5, 6, l\ 8, 9, 0, and when the part 
of the mask means is replaced with another one of 
the mask members, numeral selected for the water- 
mark is made continuous to a number in the part of 

so the mask means used before replacement thereof. 

42. An optical disc production apparatus as claimed in 
claim 31 , wherein the disc mounting means is rotat- 
ably constructed to allow the optical disc to be irra- 

55 diated with the electromagnetic radiation rays uni- 
formly. 

43. An optical disc production apparatus as claimed in 
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claim 31, wherein the watermark is recorded at an 
optional position in the optical disc by adjusting a 
position of the disc mounting means. 

44. An optical disc produced according to the optical s 
disc production apparatus defined in claim 31. 

45. An optical disc produced according to the optical 
disc production apparatus defined in claim 38. 

10 

46. An optical disc produced according to the optional 
disc producing method defined in claim 21. 
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Fig. 16 
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